Background. In Botswana the maternal mortality ratio in 2010 was 163 per 100 000 live births. It is a priority to reduce this ratio to meet Millennium Development Goal 5 target of 21 per 100 000 live births. Objective. To investigate the underlying circumstances of maternal deaths in Botswana. Method. Fifty-six case notes from the 80 reported maternal deaths in 2010 were reviewed. Five clinicians reviewed each case independently and then together to achieve a consensus on diagnosis and underlying cause(s) of death. Results. Sixty-six percent of deaths occurred in Botswana's two referral hospitals. Cases in which death had direct obstetric causes were fewer than cases in which cause of death was indirect. The main direct causes were haemorrhage (39%), hypertension (22%), and pregnancy-related sepsis (13%). Thirty-six (64%) deaths were in HIV-positive women, of whom 21 (58%) were receiving antiretroviral (ARV) therapy. Nineteen (34%) deaths were attributable to HIV, including 4 from complications of ARVs. Twenty-nine (52%) deaths were in the postnatal period, 19 (66%) of these in the first week. Case-note review revealed several opportunities for improved quality of care: better teamwork, communication and supportive supervision of health professionals; earlier recognition of the seriousness of complication(s) with more aggressive case-management; joint management between HIV and obstetric clinicians; screening for, and treatment of, opportunistic infections throughout the antenatal to postnatal periods; and better supply management of medications, fluids, blood for transfusion and laboratory tests. Conclusion. Integrating HIV management into maternal healthcare is essential to reduce maternal deaths in the region, alongside greater efforts to improve quality of care to avoid direct and indirect causes of death.
Although the Government of Botswana has made considerable inputs into health services delivery, the country's maternal mortality ratio (MMR) has not declined sufficiently to meet the 2015 Millennium Development Goal 5 target of 21 per 100 000 (Fig. 1) . [1] [2] [3] The rise in deaths between 1995 and 2000 is attributed to the corresponding rise in HIV prevalence in women [1] [2] [3] and to improved notifications following the establishment of the maternal mortality monitoring system in 1998. [4] Research in Southern Africa now shows the emerging predominance of indirect causes of maternal deaths over direct causes, mainly linked to HIV and non-pregnancyrelated infections. This calls for radical changes in the approach to preventing maternal mortality. [5] [6] [7] The UNAIDS Global Plan has now set a target of halving HIV-related maternal deaths by 2015. [8] Botswana has achieved impressive levels of service engagement for pregnant women. In 2007, 73% of women attended at least 4 antenatal care (ANC) visits, while 95% of all reported deliveries occurred in health facilities, suggesting relatively complete identification of maternal deaths. [9] A high proportion of deliveries were attended by skilled health professionals: 97% of deliveries in cities, towns and urban villages and 90% of deliveries in rural areas. [9] There were 49 853 institutional live births and 475 non-institutional live births in 2010. There were 82 maternal deaths reported to the Ministry of Health (MoH), giving an MMR of 163 per 100 000 live births, v. the government-stated target of 130 for that year. [10] HIV prevalence in pregnant women was estimated at 28.7% in 2010, [11] with 94% of eligible HIV-positive pregnant women receiving antiretroviral (ARV) therapy. [12] Botswana has an estimated 0.58 doctors and 4.51 nurses and midwives (or 4.19 doctor equivalents) per 1 000 population. It is 1 of 8 countries in sub-Saharan Africa that exceeds the World Health Organization (WHO) estimate of 2.28 health professionals per 1 000 population needed to achieve 80% coverage for deliveries by skilled birth attendants. [13] Botswana was also found to be an 'extreme outlier' in 2008, since it received US$427.8 per live birth for maternal and newborn health in development aid, compared with US$46.1 in Zambia and US$16.5 in Ethiopia. [14] Since resources were not the main constraint during this period, the challenge of reducing the MMR lies in identifying the underlying causes of maternal deaths, with a view to identifying possible solutions.
Confidential enquiries conducted in South Africa (SA) since 1999 have documented avoidable factors, missed opportunities and examples of substandard care contributing to maternal deaths. [15] Similar enquiries have been carried out in Botswana since 2007. However, these enquiries have not led to any significant changes in practices, as demonstrated by negligible declines in mortality. This study aims to review the circumstances of each death and reveal weaknesses in the health system, the correction of which would have a discernible impact on the MMR.
Botswana, a middle-income country, has a population of 2 million served by 2 referral hospitals (which also provide district functions for the populations of Gaborone and Francistown), 31 district and primary hospitals, 263 clinics (92 with maternity facilities) and 342 health posts. Over 95% of the Botswana population live within a radius of 8 km to 15 km of a health facility. [9] The WHO defines maternal death as the death of a woman while pregnant or within 42 days of termination of pregnancy, from any cause related to, or aggravated by, the pregnancy or its management, but not from accidental or incidental causes. [16] 
Methodology
The study was approved by the University of Botswana Institutional Review Board, the Botswana MoH and the individual hospitals from which notes were obtained.
Of the 82 notified deaths, the case notes of 58 were provided by MoH facilities for review in this study; 24 case notes were missing. Two cases were discounted: 1 death occurred in 2009 and 1 was an incidental death, resulting from a stab wound. The total number of records reviewed was 56. Each record was reviewed independently by two pairs of clinicians and an HIV specialist, who then discussed each case to achieve consensus. Data items from the notes were entered onto a standardised data-entry form.
Authors SR and FM analysed data manually. Descriptive statistics such as number, percentages and means with standard deviation (SD) were calculated.
Results
The analysis (involving the 56 patients whose case notes were available) accounted for 70% of the 80 maternal deaths that occurred in 2010.
The mean age (±SD) was 29.4 (±6.5) with a range of 18 to 45 years. The mean gravidity (±SD) was 2.8 (±1.6) with a range of 1 -6; 13 (23%) were primigravida, 32 (57%) were multigravida, and 11 (20%) were grand multigravida (gravida 5 and 6).
Six of the women (11%) suffered miscarriages prior to 24 weeks, 4 at home and 2 at a referral hospital. Six women (11%) delivered at home, unattended by skilled health professionals, and were transferred to hospital in the postpartum period. Two women delivered at a clinic and 1 at a private facility. Twelve women (21%) delivered at a district hospital and 22 (39%) delivered at a referral hospital. Six women (11%) died undelivered at referral hospitals. Thirty-seven deaths (66%) occurred at the 2 referral hospitals while 16 (29%) occurred at district hospitals. One woman was brought to hospital having died at home. Data were missing on the place of death for 2 women who had been admitted to a referral hospital.
Eighteen women (32%) died in the antenatal period. Five died during delivery and 4 died during caesarean section. There were 29 deaths (52%) in the postpartum period: 12 (41%) died within 24 hours of delivery, 14 (48%) died within 7 days of delivery, 6 died in the second week, 2 died in the third week and 1 died in the fourth week. While the majority (27) were kept in hospital after delivery because of their poor clinical condition, two women left the facility soon after delivery but required readmission prior to death. Of the total, 24 women (43%) died within 24 hours of admission, indicating the seriousness of their condition at time of admission. [1] [2] [3] 
MDG = Millenium Development Goal; MMR = maternal mortality rates.
Thirty-six (64%) women were HIV-positive. Of these, 20 (56%) were on antiretroviral therapy (ART), 4 (11%) received zidovudine (AZT) for prevention of mother-to-child transmission (PMTCT), and 12 (33%) were not receiving ARVs. Eleven (20%) women were HIVnegative. In 9 (16%) women, HIV status was unknown. Tables 1 and 2 show the direct and indirect causes of death for 55 of the 56 women (data missing on 1 death). Cause of death was related to a direct obstetric cause in 23 (42%) women, to haemorrhage in 10 (43%), hypertension in 5 (22%) and pregnancy-related sepsis in 3 (13%). In 32 (58%) women, death was due to indirect causes. Death was attributable to HIV in 19 (34%) cases, of whom 12 (63%) had clinical AIDS.
Of the 6 women who died following transfer to hospital after delivery, 3 had AIDS, 2 suffered postpartum haemorrhage at home, and 1 was in diabetic coma. Review of the 56 records revealed that there was considerable overlap between healthworker-and health system-related factors contributing to the deaths. Overall, 25 deaths (45%) were considered unavoidable at the point of presentation to hospital, though there were preventable factors earlier in the pregnancies. Care was substandard in all cases.
(Selected cases, shown in Table 3 , serve to elaborate on opportunities for the improvement of maternity services.)
Patient-related factors
Eleven women failed to attend clinics for any ANC. Seven of the ten women who died in the first trimester, died of complications related to sepsis and haemorrhage. Four women presented late to hospital with meningitis, pre-eclampsia and heart failure. One patient delayed presentation for10 hours while consulting a traditional healer.
Healthworker-related factors
In all cases, there were opportunities to improve teamwork between health professionals and between speciality teams. In 17 (30%) cases there was evidence of poor communication between doctors and nurses, with separate, unrelated entries in the patients' records. These notes were used in place of face-to-face discussion or joint wardrounds. Different teams failed to consult one another when reviewing patients. Occasionally medical officers were called to review urgent cases but were busy in theatre or with accident and emergency (A&E) cases, so no action followed. Thirty-two women died of indirect causes which were deserving of joint obstetric, medical, surgical or intensive care. In 15 (47%) cases, joint management was inadequate. Six women (11%) died at term in the referral hospitals, with no plans for salvage of the babies, who died undelivered.
In 30 (54%) cases, staff did not recognise the severity of the women's illnesses and failed to act promptly on evidence of their HAART = highly active antiretroviral therapy; AZT = zidovudine ; PMTCT = prevention of mother-to-child transmission; IRIS = immune reconstitution inflammatory syndrome. ARV = antiretroviral; GI = gastrointestinal. *Data on cause of death from one case missing. Prevention of pregnancy • Case 1, a cardiac patient with severe pulmonary hypertension and 1 living child, died during delivery. There was no management plan despite 2 -3 years of specialist review and echocardiograms tracking her deteriorating condition. Her medical care should have included frank discussion about the risks of pregnancy and the importance of reliable contraception. Once pregnant she could have been offered termination on medical grounds when it was clear that she would not survive the pregnancy. There was no record of any such discussion. The woman continued to be reviewed at a district hospital rather than intensive management at a referral hospital. This outcome was unavoidable.
Inadequate investigation and inappropriate treatment
• Case 2 developed pallor and hypotension following C-section and received several post-operative transfusions. There were delays in investigating her worsening pallor, dizziness, headaches and dyspnoea. Her notes contained the instruction 'transfuse if Hb less than 6' , but there is no indication of when the notes were read or who was following up the result. On day 8 she was started on an anticoagulant to avoid deep vein thrombosis because she refused to mobilise. The next day, she went to theatre following abdominal wound dehiscence. A full exploration of her abdomen, which may have revealed internal bleeding, was not performed. She continued to deteriorate and died on day 13 postpartum. This outcome was avoidable.
Need for more prompt risk assessment and action:
• Case 3 attended her fifth antenatal visit with a blood pressure of 144/85, where previously it had been 100/60. No action was taken. She presented 3 days later with convulsions and died 7 hours later in hospital. This outcome was avoidable.
• The antenatal record of Case 4 documents 2 consecutive antenatal visits with a history of polydipsia and 4+ glycosuria.
The entry on the first occasion indicated that the patient should return for a fasting glucose test, but it was not recorded whether this was done. There was no urgent referral. She next presented to hospital in a diabetic coma having delivered at home, and died within 24 hours of admission. This outcome was avoidable.
• Case 5 presented with 6 weeks of amenorrhoea, severe lower abdominal tenderness and pallor with several episodes of diarrhoea and vomiting. She was initially treated with antibiotics for presumed pelvic inflammatory disease. An ultrasound scan (of which the time was not stated) confirmed ectopic pregnancy. She was taken to theatre 9 hours after admission by which time her Hb level was 5.5 g/dl and she died of hypovolaemic shock before surgery proceeded. The delays included acting on the wrong diagnosis, delay in acting on the correct diagnosis, and inadequate resuscitation prior to surgery. This outcome was avoidable.
• Case 6 had been bleeding at home for 5 days and miscarried one day prior to presentation with severe pallor, hypotension and tachycardia. Although the record stated that she needed urgent transfusion and fluids, it took >2 hours for a cannula to be sited and fluids to commence, by which time she had died. This outcome was unavoidable at admission. • Case 7 made 6 antenatal visits where complaints of dysuria and abdominal pain were recorded, but her cardiac symptoms were not. She was finally admitted to hospital and died the same day. This outcome was unavoidable at admission.
Need for more aggressive management
• Case 8 presented with vaginal bleeding and sepsis after incomplete miscarriage. Despite hypotension and acute renal failure, hours elapsed with insufficient intervention before ICU referral was considered. Her deteriorating condition was recorded on several occasions, and 30 min later she had a cardiac arrest. This outcome was unavoidable at admission. • Case 9 was referred to hospital in her first trimester with vaginal bleeding and lower abdominal pain. An ultrasound scan showed free fluid in the utero-rectal space, which was not investigated further. She was discharged home on antibiotics after 4 days but returned 1 week later with peritonitis and septic shock. On laparotomy a rectal tear and perforated uterus were identified, possibly from an illegal abortion prior to first presentation. She died within 7 hours of surgery. This outcome was avoidable.
Joint management of women with HIV and pregnancy
• Case 10 was on ART, though with adherence problems attributed to being learning-disabled. Following pre-term delivery of a stillbirth at home, she was admitted and treated for possible Pneumocystis carinii pneumonia and raised blood pressure. Her signs were more suggestive of sepsis, pneumonia and possible TB. There was no record of family involvement or a 'treatment buddy' in managing her AIDS, a very important factor where communication may be difficult. This outcome was avoidable.
• Case 11 was started on nevirapine and combivir at the infectious disease care clinic, with no record of pre-initiation LFTs in the notes. She presented to hospital 1 week later with a history of headache, nausea, sweating, fever and rash. Despite 2 negative tests for malaria she was treated with coartem and quinine, as well as antibiotics and high doses of paracetamol. LFTs were taken when she developed jaundice and the ARVs were halted. She died 4 days later with jaundice, oedema of the face and glossopharyngeal swelling. There was no record of a request for advice from an HIV clinician on managing what may have been a nevirapine reaction. This outcome was avoidable.
• Case 12, on ART for 3 years, was treated at ANC for several months with amoxicillin for cough, night sweats, fever and abdominal pain. She was admitted to hospital at 29 weeks gestation with severe dyspnoea and haemoptysis and treated for pneumonia for several days. She was managed on the gynaecology ward rather than medical ward. A physician consultation was finally made the day she died. The records show no suggestion that TB was part of the differential diagnosis. This outcome was avoidable.
C-section = caesarean section; Hb = haemoglobin; ICU = intensive care unit; ART = antiretroviral therapy; TB = tuberculosis; LFTs = liver function tests; ARVs = antiretrovirals; ANC = antenatal care.
worsening conditions. In some cases, nursing notes recorded the deteriorating condition of patients without indicating actions taken. Junior medical officers were slow to intervene, to order urgent investigations or to ask for help from senior staff. There was insufficient precision in recording history and examination findings. In 17 (30%) records there was no differential diagnosis, leading to missed alternative diagnoses. In 18 cases (32%) the wrong diagnosis was made. There were long intervals between investigations being ordered, being carried out and being reported on without the reasons for delay being noted. In 21 (36%) cases, there was inadequate monitoring of the patient's condition. There was little evidence of adherence to national protocols, such as the referral of grand multigravida to higher levels for delivery, or management of pregnancy-induced hypertension. Sometimes the laboratory result was treated rather than the patient, e.g. a woman who was in a critical and unstable condition had blood withheld because her haemoglobin was above the 8 g/dl threshold for transfusion in stable cases.
Twenty-five (68%) of the 37 women who died in the 2 referral hospitals, each of which has an intensive care unit (ICU), were ill enough to warrant earlier consultation with anaesthetists regarding transfer to the ICU. However, there were delays in requesting physician, anaesthetist or ICU consultations. Eleven (20%) women were in district hospitals, but may have benefitted from specialist advice given by telephone or email.
Health system-related factors
Case notes did not reveal whether advice on preventing pregnancy was given to women at high risk of complications, such as grand multigravida and those with known severe underlying disease. Where pregnant women were severely ill with AIDS or cardiac disease, termination of the pregnancy could have been offered on medical grounds, which is permissible under Botswana law.
In Botswana, HIV management is carried out on an outpatient basis at infectious disease care clinics (IDCCs), while pregnancy is managed by ANC clinics. Each is a separate pathway with separate documentation. Parameters for monitoring HIV progression, such as weight, clinical symptoms and CD4 + counts, were rarely recorded in ANC records. There was no documentation of patient education regarding danger signs related to pregnancy and HIV, (for instance, recommendations to seek urgent care if symptoms such as severe headaches, vomiting, persistent cough or neck pain developed). There was clear evidence of substandard management of women presenting at ANC with symptoms, e.g. cases of a chronic cough or dyspnoea (despite the high risk of tuberculosis (TB) and HIV co-infection), or diarrhoea and dehydration, were not investigated further.
Sixteen (44%) of the HIV-positive women may have benefited from jointly managed IDCC and ANC care, or consultations with HIV specialists. There was under-investigation, under-diagnosis and late treatment of tuberculosis, but over-diagnosis of Pneumocystis carinii pneumonia. Adherence to ART on the part of patients was not recorded. Several supply problems were recorded, e.g. normal saline solution was reported as out of stock. Other shortages included intravenous potassium (two patients had persistent severe hypokalaemia), magnesium sulphate at district hospitals, inotropic drugs in ICU, appropriate antibiotics, reagents for laboratory tests, fluid-giving sets and sterile procedure packs such as those used for uterine evacuation. Several equipment failures were reported, involving X-ray, blood cross-match and blood gas machines.
Of 12 patients who needed blood transfusion peri-operatively, 6 did not receive it, while a further 6 received only 1 unit despite recorded blood losses of 2 litre.
Discussion
Poorly functioning health systems have compromised efforts to improve health in sub-Saharan Africa, [17] even in those betterresourced middle-income countries such as SA and Botswana. This case review shows how maternal deaths highlight opportunities for key institutions -particularly Ministries of Health, but also training and professional bodies -to address underlying deficiencies in the health system.
A culture of continual quality improvement, through regular audits and the implementation of solutions, is crucial for a responsive, strengthened health system. Prevention of maternal deaths in areas with a high HIV-prevalence requires skills development in two directions: first, obstetric skills are required for management of childbirth, prevention of haemorrhage and sepsis, and identifying hypertension early and second, there is increasing need for medical management of HIV in pregnancy and vigilance for medical complications, including those related to ARVs. [18] In Botswana, most pregnant women have a known HIV status, (except for non-citizens, who are not eligible for free healthcare apart from emergencies). Twenty-one (58%) of the women in the study were already on ART, which, in 2010, was given to those whose CD4 + counts were <250 cells/µl. These women were already very ill during their pregnancy. Many suffered opportunistic infections that had not been detected during antenatal screening. Just over half the deaths occurred in the immediate postnatal period, mainly from indirect causes, showing the need for continued monitoring from antenatal to postnatal periods. In SA there are proposals to reduce maternal deaths through intensified antenatal HIV testing, strengthened HIV services, and providing ART to all HIV-positive pregnant women, regardless of CD4 status; [5, 6] this latter has been the revised policy in Botswana since 2012. [19] This review shows, however, that such intervention alone would be insufficient. It is essential to integrate HIV management for pregnant women into maternal health services, with joint management and co-ordination of pregnancy plans, rather than relying on vertical programmes that rarely intersect. Because cases are more complex, better communication, teamwork and interspeciality consultation is required to anticipate and resolve problems as they develop. The higher mortality experienced by HIV-positive pregnant women in Africa is attributed more to weaknesses in health-service delivery than to the direct biological effects of HIV. [20] Measures aimed at preventing these avoidable maternal deaths would benefit the health system as a whole, not just HIV or maternal services. In Mozambique, the integration of HIV management into ANC services, and the use of HIV resources to strengthen infrastructure has led to 'system efficiency' through reduced workforce gaps, and improved supervision, patient flows and co-ordination between laboratories, pharmacies and clinics, in ways that have benefited all programmes. [21] In addition, there is a case for the abolition of discriminatory policies which disallow the treatment of non-citizens in pregnancy, so that all pregnant women receive HIV counselling, testing and ART if they are HIVpositive.
Botswana is justifiably proud that more than 90% of pregnant women deliver in health facilities, in the hands of skilled health professionals. However, the WHO definition [14] of 'skilled birth attendant' includes not only proficiency in managing uncomplicated deliveries, but also management and referral of complications as they arise.
Schoon [22] argues that the entity of the skilled midwife, as defined above, is scarce in SA, and moreover, that many medical officers lack the skills to manage obstetric emergencies. Equating all health professionals to skilled birth attendants is incorrect, and those who have received some obstetric training need to update their skills regularly.The current review demonstrates that poor clinical practice will not be resolved through didactic classroom teaching, but requires problem-solving techniques, practical emergency obstetric care training and follow-up mentoring.
Clinical audit and critical incident methods are useful as nonjudgemental appraisals of a unit's own experience of errors. As a priority, improving quality of care in the referral hospitals, where the majority of deaths occur, would have an impact on Botswana's MMR. In district facilities, obstetric emergencies are uncommon events, so district health staff could be trained using case studies (such as those in this review) as training scenarios, or using practice drills to determine what actions staff would take.
Conclusion
Preventing maternal deaths requires a new approach that takes account of the impact of HIV in high-prevalence areas. Changing treatment protocols to include all HIV-positive pregnant women in ART programmes may mean that women will not present with AIDS in pregnancy, but this would require well-co-ordinated services that integrate HIV management into maternal health services. Improvements in quality of care and clinical practice, through repeated enquiries into underlying causes of death, are essential. This can be accomplished within existing resources, through improved communication, supervision, teamwork and training, and by ongoing monitoring of the specific underlying causes for each maternal death through a critical incident approach.
